Transition metal chelates those play key role in bioinorganic chemistry and redox enzyme system serves as the basis of models for active sites in biologically important compounds. Despite many efforts in trying to unravel the role of metal ions in biology, much remains to be learned about how these metal cations are trafficked and stored prior to their incorporation into different metalloproteins. 
P. Sathyadevi, 2011 can selectively recognize a non-duplex structure involved in the control of gene expression have considerable potential as chemotherapeutic agents for a variety of diseases. Metal complexes can interact with non-duplex structures through the same mechanisms as duplex DNA and RNA, i.e. covalent binding, intercalation and groove binding.
Among these DNA-targeted guest molecules, ruthenium, cobalt and copper complexes are numerous in the literature. [2] [3] [4] [5] Though nickel is an essential element related to life process and an active component in various types of enzymes, studies on the interactions of nickel(II) complexes with DNA are comparably less. [6] [7] [8] In the recent years, reports on the role of nickel in bioinorganic chemistry has been rapidly expanding. The interaction of nickel(II) complex with DNA has been mainly dependent on the structure of the ligand exhibiting intercalative behavior and / or DNA cleavage ability. [9] [10] [11] [12] [13] Particulate nickel compounds (such as Ni 2 S 3 ) enter a cell by phagocytosis, find their way to the nucleus, and cause oxidative DNA strand breaks, DNA-DNA cross-links and DNA-protein cross-links. [14] [15] [16] [17] The mechanism by which this occurs is of considerable interest not only to toxicologists investigating carcinogenesis but also to chemists designing DNA targeted drugs.
Proteins play an important role in transportation and deposition of endogenous and exogenous substances such as fatty acids, harmones and medicinal drugs. Drug interactions at protein binding level will significantly affect the apparent distribution volume of the drugs and also the elimination rate of drugs. Therefore, studies on this aspect are undertaken with a view to derive some vital information regarding the structural features that determine the therapeutic effectiveness of a drug and have been an interesting research field in life sciences, chemistry and clinical medicine. 18 investigations on nickel hydrazone complexes seems to be scanty. [19] [20] [21] [22] [23] [24] [25] [26] [27] P. Sathyadevi, 2011 Based on the above facts and considering the role and activity of nickel and its complexes in biological systems along with the significance of hydrazones in medicine, we present in this work a systematic study on the synthesis and molecular structure of nickel(II) complexes containing hydrazone ligands and their interaction with nucleic acids (DNA) and proteins along with cytotoxicity and antioxidant assays. Further, the effect of substituent group present on the ligand as well as planarity of the molecule on the above said properties were also studied in detail.
Experimental section Materials
Reagent grade chemicals NiCl 2 ·6H 2 O, triphenylphosphine, salicylaldehyde,
o-hydroxy acetophenone, o-hydroxy napthaldehyde, benzhydrazide and p-toluic
hydrazide were purchased from Sigma-Aldrich and used as received. All the chemicals and reagents used for DNA binding, protein binding, antioxidant and cytotoxicity assays
were of high quality and available from reputed suppliers.
Physical measurements

Elemental analyses (% C, H & N) were performed on a Vario EL III CHNS
analyzer and all IR spectra were recorded using KBr pellets on a Nicolet Avatar instrument in the frequency range 400-4000 cm -1 . Both, electronic and fluorescence spectra of the complexes were recorded in methanol using Jasco V-630 spectrophotometer and Jasco FP 6600 spectrofluorometer respectively. 1 H NMR spectra of the ligands and corresponding nickel(II) complexes were recorded on a Bruker AMX 500 MHz spectrometer using tetramethylsilane as an internal standard and DMSO as a solvent.
The X-ray diffraction data of complexes 5 and 7, were collected at 100 and 293 K respectively with MoKα radiation (λ = 0.71075 and 0.71073 Å) using a Bruker Smart APEX II CCD diffractometer equipped with graphite monochromator. The structures were solved by direct methods and refined full-matrix least squares (on F 2 ) SHELXS97
and SHELXL97 28 and the graphics were produced using PLATON97. 29 All the nonhydrogen atoms were refined anisotropically and the hydrogen atoms were positioned P. Sathyadevi, 2011 geometrically and refined as riding model. The XRD data of the complex 8 was collected at 110 K with CuKα radiation λ = 1.5418 using a BRUKER GADDS X-ray (three-circle) diffractometer. The structure was refined (weighted least squares refinement on F 2 ) to convergence. X-seed was employed for the final data presentation and structure plots. 30 Integrated intensity information for each reflection was obtained by reduction of the data frames with APEX2. 31 The integration method employed a three dimensional profiling algorithm and all data were corrected for Lorentz and polarization factors, as well as for crystal decay effects. Finally the data was merged and scaled to produce a suitable data set. SADABS 32 was used to correct the data for absorption effects. A solution was obtained readily using XS as implemented in SHELXTL. Hydrogen atoms bound to carbon were placed in idealized positions and were set riding on the parent atom. All nonhydrogen atoms were refined with anisotropic thermal parameters.
Synthesis of metal precursor complex
The This when kept in contact with mother liquor for 24 hours to yield blue crystals, which were filtered, washed with glacial acetic acid and then dried in a vaccum desiccator. The complex was further washed with petroleum ether (60-80 o C) to remove traces of free triphenylphosphine.
Yield: 76%. Colour: Blue, mp: 257 °C.
Synthesis of hydrazone ligands
The reactions involved in the synthesis of hydrazone ligands and their corresponding nickel complexes were given in scheme 3.1.
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Synthesis of 4-methyl-benzoic acid (2-hydroxy-benzylidene)-hydrazide ligand H 2 L
(1)
The ligand 4-methyl-benzoic acid (2-hydroxy-benzylidene)-hydrazide (1) was prepared by refluxing a mixture of salicylaldehyde (0.122 g; 1 mM) and p-toluic hydrazide (0.150 g; 1 mM) in 50 mL of absolute ethanol for 8 h as given in scheme 3.1.
The reaction mixture was cooled to room temperature and the solid obtained was filtered, washed several times with distilled water and recrystallized from EtOH to afford the ligand 1 in pure form. 
DNA binding studies
Electronic absorption experiments
Electronic absorption titration experiments were performed by maintaining the concentration of metal complex as constant (25 μM has been calculated from the equation,
The complex concentration was obtained from the value at a 50% reduction of the fluorescence intensity of EB, K EB = 1.0×10 7 M -1 and [EB] = 10 μM.
Protein binding studies
Binding of nickel hydrazone complexes with bovine serum albumin (BSA) was studied using fluorescence spectra recorded with an excitation at 280 nm and corresponding emission at 345 nm assignable to that of free bovine serum albumin (BSA). The excitation and emission slit widths and scan rates were constantly maintained for all the experiments. Samples were carefully degassed using pure nitrogen gas for 15 minutes by using quartz cells ( 
Antioxidant studies
Free radical scavenging ability of the free hydrazone ligands and nickel(II) complexes were determined against both hydroxyl and superoxide. The hydroxyl radical scavenging activity of the compounds was investigated using the method described by Nash 36 whereas superoxide radical scavenging assay was undertaken based on the capacity of the complexes to inhibit formazan formation by scavenging the superoxide radicals generated in riboflavin-light-NBT system.
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Hydroxyl radical scavenging activity
The hydroxyl (OH) radical scavenging activity of compounds 1-8 have been investigated using the Nash method. In vitro hydroxyl radicals were generated by The reaction was initiated by adding 0.5 mL of ascorbic acid (1.25 mM) and incubated at 80-90 °C for 15 min in a water bath. After incubation, the reaction was terminated by the addition of 1.0 mL of ice cold TCA (107 mM). Subsequently, 3.0 mL of Nash reagent was added to each tube and left at room temperature for 15 min. The reaction mixture without sample was used as control. The intensity of the colour formed was measured spectrophotometrically at 412 nm against reagent blank.
Superoxide radical scavenging activity
The superoxide (O 2 -) radical scavenging assay was done based on the capacity of the compounds to inhibit formazan formation by scavenging the superoxide radicals generated in riboflavin-light-NBT system. Each 3 mL reaction mixture contained 50 mM sodium phosphate buffer (pH, 7.6), 20 µg riboflavin, 12 mM EDTA and 0.1 mg NBT.
Reaction was started by illuminating the reaction mixture with different concentration of P. Sathyadevi, 2011 the test compounds (10-50 µM) for 90 seconds. Immediately after illumination, the absorbance was measured at 590 nm. The entire reaction assembly was enclosed in a box lined with aluminum foil. The above reaction mixture without test sample was used as control.
For each of the above assays, the tests were run in triplicate by varying the concentration of the complexes ranging from 10-50 μM. The percentage activity was calculated by using the formula,
where, A 0 and A C represent the absorbance in the absence and presence of the test compounds, respectively. The 50% activity (IC 50 ) is calculated from the result of percentage activity.
Cytotoxicity
In vitro cytotoxicity (IC 50 ) was performed on HeLa (human cervical cancer cells), After 48h, 15 µL of MTT (5mg / mL) in phosphate buffered saline (PBS) was added to each well and incubated at 37 °C for 4 h. The medium with MTT was then flicked off and the formed formazan crystals were solubilized in 100 µL of DMSO and the absorbance at 570 nm was measured using micro plate reader. The % cell inhibition P. Sathyadevi, 2011 was determined using the following formula and a graph was plotted between % cell inhibition and concentration.
% Cell inhibition = 100 -Abs (drug) / Abs (control) × 100
From the graph, IC 50 values were calculated. 
Results and discussion
Infrared spectra
The IR spectra of the metal hydrazone complexes were compared with those of free hydrazone ligands (1-4) in the region 4000-400 cm stretching vibration in comparison with that of the free ligands, thus implying that the nitrogen atom of the azomethine group is coordinated to the metal in these complexes. In P. Sathyadevi, 2011 addition, the stretching frequency corresponds to phenolic ν (C-O) gets increased due to the coordination of phenolic (C-O) in an anionic form to the metal ion.
Electronic spectra
The electronic absorption spectra of complexes 5-8 displayed three to five wellresolved bands in the range of 200 to 470 nm out of which the high energy absorption bands appeared between 250-300 nm and another absorption around 320-360 nm were assigned to the intra ligand charge transfer transitions of the type π→π* and n→π*. 
X-ray crystallography
From the elemental analyses, IR, electronic and 1 H NMR spectroscopic studies we understand that all the four complexes 5-8 are structurally similar to each other.
Hence, the exact structures of the complexes have been studied using single crystal X-ray diffraction method. (7) and (8) The solid-state structure of complexes 5, 7 and 8 were analysed by single crystal X-ray study. Details of the data collection conditions and the parameters of refinement process are given in P. Sathyadevi, 2011 The crystal structure of the complexes 5 and 8 consists of a single molecular unit while that of the complex 7 consists of two molecular units namely Ni1 and Ni2 which are crystallographically independent but chemically similar. All the three complexes 5, 7
and 8 Similarly, in the case of 8, Ni(II) center is shared by {Ni1N1N2C12O2} five membered ring and {Ni1O1C1C6C11N1} six membered rings. 
100
Effect of substitution and planarity …. Goodness-of-fit on F 1.303(3) C7A-N2A-N1A-C9A 176.5(2) N2B-C9B
1.305(4) N2B-N1B-C7B-C6B -175.1(2) O2B-C9B
1.315(3) N1B-N2B-C9B-C10B -177.4(2) O1B-C1B
1.316(4) C9B-N2B-N1B-C7B -177.8 (2) P. Sathyadevi, 2011 
Biological properties
DNA binding studies Electronic absorption measurements
The electronic absorption spectra of complexes 5-8 displayed three to five well From the electronic absorption spectral data, it was clear that upon increasing concentration of DNA added to the metal complexes 6, 7 and 8, all the above mentioned absorption bands showed hypochromism accompanied with bathochromic shift in most of the absorption bands. But, addition of CT DNA to the complex 5 showed only hypochromism without any shift suggesting that the nickel hydrazone complexes bind strongly to DNA in an intercalative mode. These observations were similar to those reported earlier for various metallointercalators. 42 Nature of shift observed and the percentage of hypochromism in the absorption bands in the case of all the complexes after the addition of DNA are given in Table 3 .4.
P. Sathyadevi, 2011 In order to determine quantitatively the binding strength of the complexes with CT DNA, intrinsic binding constants were obtained by monitoring the changes in both the wavelength as well as corresponding intensity of absorption of the high energy bands of complexes 5, 6, 7 and 8 respectively upon increasing concentration of added DNA. [DNA] x 10 -6 M 7 8
5
P. Sathyadevi, 2011 clearly showed that complex 8 bound more strongly with CT DNA than the complexes 5, 6 and 7 through an intercalative mode. 
Competitive binding measurements
Generally, steady-state competitive binding experiments using metal complexes as quenchers provide some information about the binding of the complexes to DNA.
Ethidium bromide (EB) is a planar cationic dye that is widely used as a sensitive fluorescence probe for native DNA. EB emits intense fluorescent light in the presence of DNA due to its strong intercalation between the adjacent DNA base pairs. This displacement technique is based on the decrease of fluorescence intensity resulting from the displacement of bound EB from a DNA sequence by a quencher and the quenching is due to the reduction of the number of binding sites on the DNA that is available to the EB. Hence, this method serves as an indirect evidence to identify intercalative binding mode. In our study, changes in the intensity as well as position of emission band of EB bound DNA were monitored after the addition of metal complex solution into them. The above said emission band in the spectra of combined nickel hydrazone complex-DNA system showed a significant bathochromic shift with a simultaneous reduction in the fluorescence intensity (34.76, 36.51, 36 .85 and 39.26%, respectively) revealing that the EB molecules are displaced from their DNA binding sites by the added complexes.
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The fluorescence spectrum of EB bound-DNA quenched by complexes 5-8 are shown in Fig. 3.10 and their corresponding Stern-Volmer plots are given Fig. 3 
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P. Sathyadevi, 2011 investigation reflecting a strong binding of the former with DNA than rest of the complexes, similar to the results of absorption spectral study.
Protein binding studies
Fluorescence quenching measurements
Qualitative analysis of binding of chemical compounds to BSA is generally detected by examining its fluorescence spectra. Generally, the fluorescence of protein is caused by three intrinsic characteristics of the protein, namely tryptophan, tyrosine and phenylalanine residues. Fluorescence quenching refers to any process that reduces the fluorescence intensity of fluorophore due to variety of molecular interactions such as excited-state reaction, molecular rearrangement, energy transfer ground-state complex formation and collision quenching. P. Sathyadevi, 2011 that there exists a static interaction between BSA and the added complexes due to the formation of ground state complex of the type BSA-metal complex as reported earlier. 43 The UV absorption spectrum of pure BSA and BSA-complexes 5-8 are shown in Fig.   3 .13.
Binding analysis
When small molecules bind independently to a set of equivalent sites on a macromolecule, the equilibrium between free and bound molecules is represented by the Scatchard equation. 44, 45 log
where, K and n are the binding constant and the number of binding sites, respectively.
Thus, a plot of log (F 0 -F)/F versus log [Q] (Fig. 3.14) can be used to determine the values of both K and n and such values calculated for complexes 5-8 are listed in Table 3 .5. P. Sathyadevi, 2011 From the values of n, it is inferred that there is only one independent class of binding sites for complexes on BSA and also a direct relation between the binding constant and number of binding sites.
The results of binding experiments clearly proved that among the complexes 5 and 6, the later showed strong binding with both DNA and BSA than the former which can be correlated to presence of electron releasing methyl group at the azomethine carbon of the coordinated hydrazone ligand in complex 6. The electron releasing nature of CH 3 group towards the Ni ion through the coordinated azomethine nitrogen in complex 6 may assist the respective interactions between the complex and either DNA or protein.
However, complex 7 containing coordinated hydrazone possessing the similar methyl substitution at the azomethine carbon but with the lack of CH 3 substitution at the phenyl ring of acid hydrazide portion exhibited more binding with DNA and protein than that of the complexes 5 and 6 which may be due to the more planarity of the complex 7. In the case of complex 8 containing the coordinated hydrazone with substitution of a phenyl ring in the carbonyl carbon with napthyl group showed the highest level of binding among all the complexes under this study. The higher binding affinity of the complex 8 towards both CT DNA and BSA could be explained in terms of the planarity of the ligand coordinated to nickel in it. 46, 47 The overall order of interaction between the complexes and CT DNA as well as BSA decreased in the order 8 > 7 > 6 > 5.
Characteristics of synchronous fluorescence spectra
Synchronous fluorescence spectrum provides information on the molecular microenvironment, particularly in the vicinity of the fluorophore functional groups. 48 It is well known that the fluorescence of BSA may be due to presence of tyrosine, tryptophan and phenylalanine residues and hence spectroscopic methods are usually applied to study P. Sathyadevi, 2011 At the same time, the tyrosine fluorescence emission showed very little decrease in the intensity without significant change in the position of emission band. These experimental results indicate that the metal complex does not affect microenvironment of tyrosine residues during the binding process and the polarity around the tryptophan residues is decreased and the hydrophobicity around the tryptophan residues is strengthened. The hydrophobicity observed in fluorescence and synchronous measurements confirmed the effective binding of all the complexes with the BSA. 
Antioxidant activity
The radical scavenging property of hydrazone derivatives have attracted the interests of researchers and thus investigated in the in vitro systems. 51, 52 it is found that all the metal complexes and ligands tested in this study behaved as more effective inhibitor than the standard scavenging agent, butylated hydroxy anisole (BHA)
for OH and O 2 -radicals.
In general, the antioxidant activity of Ni(II) complexes as well as free ligands against the free radicals OH and O 2 , decreased in the order 8 > 7 > 6 > 5 > 4 > 3 > 2 > 1.
However, the radical scavenging effects of nickel chelates are higher than that of the corresponding free ligands due to the chelation of them with nickel ion in complexation that exert different and selective effects on scavenging radicals of the biological system.
Among all the ligands and their corresponding nickel complexes, the one possess more planar hydrazone moiety ie., complex 8 containing ligand 4 showed more potential scavenging activity than the rest of the complexes with respective ligands. Further, the results obtained against the different radicals confirmed that the complexes are more effective to arrest the formation of the O 2 -than the OH radicals studied. Hence, we strongly believe that the present metal hydrazone complexes can be further evaluated as suitable candidates leading to the development of new potential antioxidants and therapeutic reagents for some diseases.
In vitro cytotoxicity
Preliminary up-to-date results are extremely positive, thus supporting our facts showed a significant, concentration dependent activity to arrest the growth of the selected P. Sathyadevi, 2011 cells. Upon increasing the concentration of the complex 8 ( Fig. 3.18 ) from 63 μM to 1000 μM, there observed an increase in the percentage of cell inhibition with respective IC 50 values of 104 μM and >500 μM for HeLa and Hep-2 cells (data not presented in Fig.   3 .18) and are comparable with that of earlier report. 55 Hence, it is clear that complex 8
selectively arrested the growth of HeLa cells only. A simple structure activity relationship suggest that among the investigated complexes, complex 8 that contains a coordinated hydrazone with a more planar napthyl group is responsible for the selectivity and the potential inhibition against the tumour cells. All the complexes did not cause any damage to the healthy cells (NIH 3T3) (complex 8: IC 50 = 937 μM) indicating that they are non-toxic to normal cells as expected for a better drug.
Conclusion
In this work, a systematic approach to synthesis four new bivalent nickel complexes containing binegative tridentate ONO chelating hydrazone ligands differing in the nature of substitution and planarity is presented. The structure and geometry of the complexes analysed through single crystal X-ray diffraction revealed the square planar P. Sathyadevi, 2011 complexes with CT DNA and BSA protein has been carried out. Binding experiments revealed that the nature of substitution group and planarity of the hydrazone coordinated to nickel ion in the complexes showed pronounceable effect on their binding ability with both DNA and protein. Also, the antioxidant and cytotoxicity properties of the newly synthesised complexes showed that they can be investigated in detail as potential drugs.
Among the complexes synthesised in this work, complex 8 that possess more planar napthyl unit instead of the phenyl ring available in other complexes showed higher efficiency to arrest the growth of cancer cells and also to inhibit the production of free radicals.
From the results obtained in various biological studies, it became clear that among the complexes 5, 6, 7 and 8, the one (complex 8) that possess more planar napthyl unit instead of the phenyl ring available in other complexes (5, 6 and 7) showed higher efficiency. Hence, we believe that detailed in vivo experiments utilizing these nickel hydrazone complexes could lead to a significant outcome to expand their scope further.
